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PREFACE

The analysis and design summarized herein was sponsored by the National
Aeronautics and Space Administration (NASA) Lewis Research Center, Facilities
Engineering Division, Cleveland, Ohio.

This study was performed by personnel of the Structural Mechanics Divi-
sion (SMD), Structures Laboratory (SL), US Army Engineer Waterways Experiment
Station (WES), under the general supervision of Mr. Bryant Mather, Chief, SL,
and Mr. James T. Ballard, Assistant Chief, SL, and under the direct supervi-
sion of Dr. Jimmy P. Balsara, Chief, SMD. Dr. Sam A, Kiger, SMD, was the
project manager. This report was prepared by Mr. Richard C. Dove, SMD, and
Dr. Kiger. Messrs. Mark K., McVay and David R. Coltharp, SMD, provided experi-
mental data used in the verification of this analysis.

COL Allen F. Grum, USA, was Director of WES during the preparation and

publication of this report. Dr. Robert W. Whalin was Technical Director.
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CONVERSION FACTORS, NON-SI TO SI (METRIC) UNITS OF MEASUREMENT

Non-SI units of measurement used in this report may be converted to SI (metric)

units as follows:

Multiply By To Obtain
degrees (angle) 0.01745329 radians
feet 0.3048 metres
inches 2.54 centimetres
inches per foot 8.33 centimetres per metre
kips (force) per square inch 6.894757 megapascals
pounds (force) 4.448222 newtons
pounds (force) per square inch 6.894757 kilopascals
pounds (mass) 0.4535924 kilograms
square inches per foot 21.166667 square centimetres per metre




BLAST ANALYSIS AND DESIGN OF ROCKET ENGINE
TEST FACILITY CONTROL ROOMS

INTRODUCTION:
In June 1985, the NASA Lewis Research Center began preliminary engineering

design work on the expansion of their Rocket Engine Test Facility. One option
for this expansion is the construction of an additional control room on top of
the exiéting control room. Because of the proximity of the control rooms to
potentially high-explosive materials, it was decided that the existing control
room should be analyzed to determine its blast resistance. It was also
decided that the proposed additional room be designed with a compatible blast
resistance. NASA requested that the USAE Waterways Experiment Station (WES)
support this effort by providing a blast response analysis of the existing
control room and preliminary design recommendations for the proposed

additional control room.

SCOPE:

An analysis of the existing control room was accomplished using the
"Computer Program for Optimum Nonlinear Dynamic Design of Reinforced Concrete
Slabs under Blast Loading" (CBARCS). This code was developed under the
sponsorship of the Office, Chief of Engineers (OCE), US Army, as a part of the
Computer-Aided Structural Engineering (CASE) Project, and is available at the
National Technical Information Service, Springfield, VA (Reference 1)}. Only
the wall directly facing the potential explosion position was analyzed, and
since the penetrations in this wall were less than 5 percent of the wall area,
they were ignored. Enhancement of the reflected blast loading due to the
floor and walls of the test chamber adjacent to the control room was included
in the analysis. The analysis determined the response of the wall under
various amounts of high explosive (HE) (TNT equivalent).

To evaluate the safety of the existing control room, data from recent
experimental concrete slabs loaded by explosives under conditions similar to
the existing and proposed control-room walls were examined. These data formed
a basis for judgment as to the conservatism of the analysis procedures used.

The design of the additional control room was also accomplished using the
CBARCS program. Again, tnhe wall facing the potential explosion position was
considered the critical structural element. The CBARCS program optimization

feature was used to iterate to a concrete thickness and a steel percentage



which resulted in the most cost-effective structure. The explosion position
was simplified by making the conservative assumption that the explosion took

place at the elevation of the wall.

ANALYSIS OF EXISTING CONTROL ROOM:

The existing control-room wall was analyzed using the CBARCS program.

This program uses yleld line theory to analyze concrete slabs under high-
explosive blast loads. The structure is idealized as a single-degree-of-
freedom model. The program is consistent with the Army Technical Manual
TM 5-1300, "Structures to Resist the Effects of Accidental Explosions"
(Reference 2) and allows for the consideration of various slab edge
conditions, penetrations, explosive types, explosive confinement, and
reflection loading. It should be noted that this program is to be used for
preliminary design and analysis only. Final design and analysis, including
reinforcing details, should be in accordance with TM 5-1300.

Figure 1 shows the wall configuration and explosion position input into
the CBARCS program for the existing control-room wall. The program output is
shown in Appendix A. Results from different explosive weights indicate that a
small increase in charge weight can result in a disproportionately greater
increase {n the corresponding wall deflection. Figure 2 shows this
relationship and shows the charge weight which corresponds to various degrees
of structural damage, i.e., in. of deflection.

TM S-1300 indicates that a concrete slab without laced reinforcing is
considered to fail at a 2-degree* support rotation to avoid buckling of
compressive steel. According to the CBARCS program, this amount of rotation
takes place under an explosive load of 900 1b of TNT and is equivalent to
0.70~-in. deflection. However, TM 5-1300 also states in Chapter 6,

Section 6-2, that a category-1 protection wall for personnel protection is
allowed a support rotation of 5 degrees for laced reinforcement. Past
experience at WES has shown that a concrete slab reinforced with conventional
shear stirrups can sustain a support rotation of at least 5 degrees without
fajlure. This does not prove that the control-room wall in question could
rotate 5 degrees without failure, but it does point out the relative

conservatism of the 2-degree rotation criteria.

* A table of factors for converting non-SI units of measurement to SI (metric)
units is presented on page 2.
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COMPARISON OF ANALYSIS WITH EXPERIMENTAL DATA

The safety of the CBARCS analysis of the existing control-room wall can be
evaluated by using data from a recent series of experiments conducted by
Mr. Mark McVay at WES. The purpose of these tests was to evaluate different
antispalling schemes for a concrete wall loaded by a cased TNT charge. Two of
the experiments closely simulate the conditions of the existing control-room
wall.

The first experiment was conducted at a scale of 1/2.8 of. the control-room
wall. This scales up to a 24-in.-thick wall loaded by a cased charge of
444 1b of TNT at a range of 14,12 ft (Figure 3). The flexural steel ratio was
0.25 percent with a steel strength of 60,000 psi and a concrete strength of
5,200 psi. Shear resistance was provided by 0.152 in. per linear ft of
60,000-psi shear steel. This is comparable to the control-room wall with a
thickness of 24 in. and a steel ratio of 1.55 (considerably more than the 0.25
ratio in the test slab) with a steel strength of 40,000 psi and a concrete
strength of 3,000 psi. Shear steel consisted of 0.40 sq in. per linear ft,
40,000-psi steel for the control room. To judge the conservatism of the
CBARCS program, the program was used to analyze the experimental wall
(Appendix B)., This analysis will be directly compared to the experimental
results.

The pressure history as measured at the bottom of the experimental wall is
shown in Figure 4. The total effective impulse calculated by CBARCS was
792.64 psi-msec, while the scaled impulse from the experimental wall, measured
at the position closest to the explosion, was 1,288 psi-msec. Because the
control-room wall has a natural period of 30.4 msec, the wall is impulse
sensitive; therefore, the loading by CBARCS is comparable to that of the
experiment. It should be noted that the CBARCS program applies a uniform
loading function over the entire surface of the wall. In the experimental
case, the pressure was seen to attenuate substantially at increasing distances
away from the source of the explosion. This indicates that CBARCS makes a
conservative estimate of the loading function. The CBARCS structural response
calculations are also shown to be conservative when the program predicts that
the experimental wall should fail in flexure, with a support rotation of
2.3 degrees. The data from the experiment shows that there was essentially no
damage to the wall (Figure 5).
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The second experiment was conducted at a scale of 1/4.U47 of the control-
room wall., This scales up to a 24-in.-thick wall loaded by a charge of
1,755 1b of TNT at a range of 22.32 ft (Figure 6). The flexural steel ratio
was 0.25 percent with a steel strength of 60,000 psi and a concrete strength
of 4,000 psi. Shear steel consisted of 0.24 sq in. per linear ft, 60,000-psi
steel. The CBARCS program was again used to analyze the experimental wall.
This analysis showed that the wall collapsed with a support rotation of
12 degrees (Appendix C). The results of the experimental test were moderate
damage and flexural response corresponding to approximately a 1.2-degree
support rotation (Figure 7).

The final conclusion as to the capacity of the existing control-room wall
{s based on the CBARCS analysis and eXperimental data. The CBARCS program
indicates that the control-room wall will withstand 900 1b of TNT before it
will fall in flexure. However, when shear is checked as per TM 5-1300, the
shear steel required is greater than that which exists in the wall. The
experimental data indicate otherwise. In both experiments, the shear steel
present was less than that in the control-room wall, yet diagonal shear
failure did not occur. This supports a perception widely held by WES
experimenters that the problem of shear failure is overestimated in TM 5-1300
and other similar blast-design manuals. Also, a comparison of the flexural
response predicted by CBARCS for the experimental walls and the actual
response of these walls shows the extreme conservatism present in the CBARCS
program. Therefore, it is recommended that based on the experimental data the

capacity of the existing control-room wall be considered to be 1,000 1lb of

TNT.

DESIGN OF ADDITIONAL CONTROL ROOM:
The design of the additional control room was simplified by considering

only the wall facing the potential explosive (Figure 8). This wall was
designed using the CBARCS program and TM 5-1300. The structural optimization
feature of the CBARCS program was used to develop the least-cost wall to
resist the given load. A detailed explanation of the optimization feature can
be found in the CBARCS User's Guide (Reference 1). Briefly, the program takes
an assumed cost for steel and concrete; sets up a cost function; and with an
assumed starting point, fncrements the design variables until a minimum cost

is obtained.




The CBARCS program's input and output can be seen in Appendix D. A
concrete strength of 4,000 psi and a steel strength of 60,000 psi was used.

No laced shear reinforcement was assumed; therefore, the 2-degree support
rotation failure criteria was used. In th' first computer run, 1,000 lb of
TNT was assumed to explode at the elevation of the wall with no floor or wall
reflections. The wall was assumed to be fixed at all supports. This resulted
in the computer iterating down to the minimum wall thickness of 12 in. and the
minimum steel ratio allowed by the program and recommended by TM 5-1300.

With these results, it was decided that a more economical design may be
possible. The preliminary design of the proposed control room assumed that
the wall facing the explosion hazard was tied into a floor slab to be
constructed on top of the existing control room. This would mean that the
roof of the existing control room and the new slab would have a combined
thickness of 3 ft of concrete. This {s grossly overdesigned. If the existing
roof could be used as the proposed floor, a cost savings would result. There
i3, however, no economical way to make a moment-transferring connection
between the proposed wall and the existing control room. This means that the
bottom of the proposed wall must be treated as a pinned connection or as a
free edge, if we are going to do away with the floor slab.

The CBARCS design program was rerun, assuming that the bottom was a free
edge (Appendix E). Again, the concrete strength was 4,000 psi, and a steel
strength of 60,000 psi was used. This resulted in a design which required a
12-in.-thick wall with a vertical and horizontal flexural steel requirement of
0.33 percent on both sides. These are nearly the same requirements as for the
fixed-edge case above. In the actual design, it is recommended that shear
studs be provided to connect the proposed wall to the existing control room,
providing a pinned connection at that point. These shear studs must be able
to resist a shear of 13,100 1b per linear ft as per the shear present at the
bottom support in the fixed-edge computer run. Shear stud requirements are
dependent upon the stud layout and geometry chosen by the designers. However,
examination of the literature shows that a reasonable shear stud design is
possible for this loading. Diagonal shear reinforcement in the wall slab must
be provided at 0.22 3q in. per linear ft in both directions, with a minimum
spacing of 12 in. 1In this way, a safe design can be assured even though the

actual pinned condition falls somewhere between the fixed- and free-edge

conditions which were directly analyzed.
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CONCLUSION:
The analysis of the existing control-room wall using the CBARCS program

CH O
e

and TM 5-1300 resulted in a safe design load of 900 1lb of TNT equivalent at a

range of 20 ft. This {s a conservative estimate due to the 2-degree support

Ay 24

rotation requirement for unlaced concrete slabs and the conservatism of the

CBARCS program. This conservatism is exemplified by a recent experiment where

Vet “..‘.-'.. o

reinforced concrete walls under roughly comparable conditions showed no damage

after testing. Also, reinforced concrete walls tested under much more severe

M
I, 'r

P |

conditions exhibited moderate damage and indicated a maximum allowable amount .

of explosive corresponding to about 1,800 1b of TNT at a range of 20 ft. The

e

experiments in question did not model the enhancement of the blast loading due
to reflection from adjacent walls; however, the moderate damage which resulted
allows us to recommend that a load of 1,000 1lb of TNT should be considered the
capacity of the existing control-room wall.
Design calculations for the proposed additional control room using

1,000 1b of TNT equivalent indicated a required wall thickness of 12 in. with o
a flexural requirement of 0.33-percent steel vertically and horizontally on iii
each side. The concrete strength was 4,000 psi, and the steel yield strength L

was 60,000 psi with 3 in. of cover concrete. Shear stirrups are required at -

0.22 sq in., per linear ft with a minimum spacing of 12 in. Shear studs are ce

v
.
.
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required to tie the proposed control room into the existing concrete. The

Iy
DRI
o' .

studs must resist a shear force of 13,100 1b per linear ft.
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Figure 1. Wall and explosive position input into CBARCS for existing control-
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Posttest damage to inside of test wall, Experiment 1.
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= 0 o 0.40000001E-01. OBJ = 0.20000000E-01
= 1 om0 72161520E--02 OB =m0 . 2199999901

GrS AR .

0. 427286E 0L 0. A77H5H0E 02 0.142000E 00 0. 142000F 00 0. 1420008 00
0. 142000 00 0.400000E 00 0.187400E 03 0.1960008 02

0. L96000E 0
FUNCTEON CAalL.S = 4

AL CONSTRATMNTSG HOAVE. 12 OBEJECTIVE FUNCTION WIL). & MIMNIMIZ
L) NEXT
X) 4% ARE

0. 126000 02 0.4000001 00 O A00000E 00

N SATTSETED AND 1

G S AR

O 427286E 0L 0. A77H50E 08 0. 22000006 GL 0. 220000801 0 220000E 01
0220000001 0. 6000001 00 0. LE7A00E 03 0. 1940008 02

O 1960008 O

4 QL 3ABBLLHBYE 02
R 0 v Q0 LR6T7ABAE 0% OF) = 0 63ABHR QL

1a e 0L 74687290 04 QB = 0 67630741

04
04

2k 01 0. - SROBE 00 O 2UaR7TIr 00
00 030410 O L LE PHE. O L3900 02
S

CALL S = |

[ 2
FUNC T LON

E0 AR LI 0
LI B S 0 [ & B T O N ST O e | O O &7H0T7ALE 0
Ly - 2 F O G LLSSAIRAN%E 049 Ol = 0 &GOPBEHEANT O

R AT

O MP6EASE 01 O HEL7 LA 02 0 BB 7O 0D O 7HETIR0E 00 0 THRHTL0E O
GO TE0E 02 0 DD L0002 0 179208 03 0 1943200 0O

[ S S N PR N & P
PUNCTLON Call % [
KX €1

O L2000 02 0 A6 100 00 0 360246TF 00

K O S50 6

D5




: adm’ ria \ B " D & - AR "l g v v = a A AL T AL 8

& SOV NY ! ot . ) It ) A A A e AN AN B0 e A1, A A AL S At AL LA L SAAE AL’ A
e e T T e T A » . .t . )

L/

o 0. 60730960E 04 0BJ = 0.60723626E 041
Po= 0.60730668E 04 aBJ = 0. 46&0723797E 0A4

k ITER =
ITER =

wo

Grs ARE
; 0.416580E 01 0.531341E 02 0.239574E-03 0.2395H74E--03 0.242187F- 03
0.242187E-03 0.3039906E-03 0.1688000E 03 0.196398E 02
0. 196397 02

3 FUNCTION CALLS == 107
. XNEXT(T) =
! 0. 120000E 02 0.360009E 00 0.3&60011E 00
i
0. 3A531LHIVE-0T
: 0 F* O = 0.6071L7098E 04
- 3 54 OBJd = 0.60717038E 04
: 0. 416571 04 0. 531650 E- 05 07585 Q0D 0L 7A9465HE 00

0. 74946505 0. 96497
0. 1964100E 02

: FUNCTEON CALLS = 106

; XL XT ()

¢

o

L]

03 0.196400E 02

0. 120000E 02 0.360000t 00 0 360000E 00
TOTAL FUNCTION CALLYS = 516

TTER =, O FE = Q60T LTEGE 04 QB = 0.6071682E 04 X)) 45 O
" 0. 120000E 02 0.360000E 00 0. .2600001 00

K G AR
: O . 416L71E OL 0.531L660E 07 0 21618
0. 73037807 0 34199215-06 01880000

Q12649008 O

Q6 021612 VhH 0L T3037GE 07
03 0.196400E

- HIETGHT L350 00 TN LENGTH H64 .00 IN

.:~ DYNAOMIC CONCRETE STHRENGTH 48300 .00

'-: DYNAMIC STERE ST1F » HA000 .00

- THLCIKNE CONCRET TNC 12.0000

. THTCKNEIGS  OF SAND TNCH [¢]

:. THIL T8 AL OWAEL E DEC 2.0000

~: AN UG TG STEREL /T O 3600 COVER 30000
Al ALY WERT 100 ST /70T 0 3600 COUVER 30000
,‘ AR IO T GTUEFL /BT 0 3600 COUE 1 30000
- AREN HORKRDZ BOT STEEL /6T 0. 3600 CcOur K 30000
COWICRE T MODUIL LS G T JHTOHLY

: RATTIN MOD STEEL ZCONCRETE o1

‘. GROGYS MOMENT  INERTTA 144 00

:" AVE LRACKED MOM OINFRTEA La €22

‘s

AVE. MOMENT ENETRRLEIA VAR )
AVERNGE PENRCENT STEUL 0 0033
D FACTOR MUg /6 AL 6T 8
O FACTOR MU 0 3 ALLH7LLT78

LY



‘e ."!"‘

107.16
760 .32
THETA LE 2 DEG

ALLOW SHEAR UNREINFORCED WEB
ALLOW SHEAR AT SUPPORT
UNREINFORCED CONCRETE

POSITIVE VERTICAL MOMENT
NEGATIVE VERTICAL MOMENT
POSITIVE HORIZONTAL MOMENT
NEGATIVE HORIZONTAL MOMENT

17339 .57
17339 .57
17339 .56
17339 .56

SUPRPORT ON
YIELD LINE X

3 SIDES
FROM SIDE

LOCATION YIELD LLINE LENGTH

LOCATION YIELD LINE HEILGHT

ULTIMATE LOAD CAPANCITY RU

SHEAR LOAD AT VERTICAL SUPPORT

SHEAR 1.0AD AT HMORIZONTAL SURPORT

SHEAR AT DISTANCE FROM VERTICAL SUFRRPOFR
SHEAR AT DISTANCE F
ALL.OWAERILE MAX DEFLECTITON

0.6030
1625 . 82

LOAD MASS FACTOR
MASS CONCRETE ONLY

FIRGT YIELD POINT a1 T2
ELASTIC  LIMIT  RE PST
ELASTIC DEFLECTION  XE 0.19

SECOND YIELD AT BV 3
ELASTO PLAGTIC LIMIT 1.
ELASTO- LE

ULTIMATE
ELASTLE

q.

N AV 4
LIMIT XE 143

2.

UL TIMATE
ELAGSTIC
GTEFFNESS

MY T a620 320
LA AR X b
DURATTON AU #54
PSS T % TANCE: <0
STLFFNESDY 2L

5 S U O DURATITON
NATURAL 16D 1.4
MAX TMUM DEFLECTION

T4l T MAXIMUM DE
DURAT LON/NATURAL. P
10NN STANCE
ELASTIC DEFLECTTON LIMET

GAS PR

ECTTON €
RRTOD

MAX FRAGMENT SPPALL VELOCTTY FT/SEC

D7

WOM HORIZONTAL SUPPORT -

PSI
PSI

a0a.70
150 .00
q.2203
513 .26
460 Te

T 54 00

48 .07
5. 2969

1499

Pé

Y3

02727

a6

2. 1461

an
A3
92

0.
7696007
L. ogt1a
4 091406
0 1H9HYP
L 551571
1 434316

SRO6HNOGE

e A e e d B A T o o A S SR L e

961 .45 LBS/IN WIDTH

6842 .88 LLBS/IN WIDTH

L.B/IN WIDTH
LLB/IN WIDTH
PSI
PSSl

I 'A"-,"‘

A

-

TR

AR AT AR

e re e ey
‘.'-'.‘l‘l'l B

-

r
L4

l'

Py
s "’aJ' o

AN
Y

...._
SN
X

7 0 s
PPN |
ff'f' ;

LA s
P A RS
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APPENDIX E
OUTPUT FOR ADDITIONAL CONTROL ROOM
(ONE FREE EDGE ASSUMED)
El




BN

2000 4 200 4 20 K B 0 B K K KKK K KK KK K
* CORPS PROGRAM #  X0056 x
X VERSION # 83/10/01 x
0008 K KRR KK i K I OK 3 KK KKK KKK KK

HKOK KOK KK IORNOKKAOKKOIKIOIOK KK CALIT T OMN 2K HOKOR K K 3K 0K KK K 9K 3K 3 Kk K

THIS PROGRAM SHOUL.D BE USED FOR PRELIMINARY DESIGN
AND/0OR ANALYSIS ONLY. FINAL. DESIGN aAND/OR ANALYSIES
INCLUDING REINFORCEMENT PLACING DETAILS SHOULD E'l'
IN ACCORDANCE WITI DEPARTMENT OF THE AaRMY TE
MANUAL. TM 51300, “STRUCTURES TO RESIST THE
OF ACCIDENTAL EXPLOSTONS - .

3 2 K K B K KK R KK 3K R KOK 8 0K 0 R ROR K IOROR 8 K K8 KON R KKK KK

INFUT NAME (07 DATA FILILE IN 7 CHARACTERS ORI LEGSS .
HIT CARRIAGE RETURN T9 DATA TS TO COME FROM TERMINAL .
O G

TedUT NAME OF FILE L CHY QUTIUT TO BE W TTEN TO
HLT A CARRIAGE HEETURN TF QUTTRUY 10 B MIENTED AT TERMIINAL

NAGA OT

N
EXPLOGIVE PROEE T e 5. CHARGE. WETGHT (LE) = 1LQ0O0.
NUMLILR EQWT EFORM EXPLOSTIVE COMPOSITION BY WEITGHT
KCAL. /G C H N 0 Al
1 L 0000 078400 0 370 0.022 0.168% 0 423 0.
[T RN AL WL D] 14 69 TAME(C)= 2000

LHOCIC WAYVED AL CULLAT TON

160 UT FABAME TE TS CHARGE  WELGHT ADJUS TMENTS
NG WE_TGHT YL i L1000 S ARUUSTED WT L TNT) LOOQO .
LXPLOS TVE NUMEER g 1 HE ENERGY FACTOR - |
1./ RATEQ = Q. HARE FACTOI l
CASE JCHARGE WT AT = 0 SAGE 1T FACTOR o 1
CHAMELE FREGSURE (% TA) = La &9 56 5 FAGTOR 1
CHOMEE Y TEME () . 20 00 Gk s FACTOR (¢]
ALTITUDE  (KET) 0 TIME SCAl : 0
NCIFIMAL FACTOR

DIGTANCE  OF  CHARGE TIROM B3E.A9 T WL T D20.00
CHARGE W FGHT LR 1000




BLAST WALL HEIGHT ;

BLAST WALL LENGTH F
HEIGHT OF CHARGE ABOVE GROUND F
DISHT. BETWEEN CHARGE & LEFT EOUNDARY F

REFLECTION CODE

TOTAL  ITMPULSE

DURATION OF LOAD 23 .
FICTITIOUS PEAK PRESSURE 6.

"ECTIVE IMPULSE

HEZLGHT 1HO .00 IN LENGTH

AB00 00.

66000.00

14.0000
0.

DYNAMIC ’
DYNAMIC %

OF  SAND INCH

THETA AL L.OWARL E DEGR 2.0000
GEA VERT TOR STEEL/FT 0. 1000
AREA VERT 20T STE /FT 0O 4000
AREA HORLZ TOPR %7 AFET 0. 1000
AREA HORTZ BOYT STEEL/ZFT 0 4000
Ty 1 CONSTRUCTION
CONCERE TE MODULLUS ST AH705
PAT IO MOD STEREL /CONCERETE €
59 MOMENT  INIEIRTIA 2108
AVE CRACKED MOM TNERTIA @
AVE MOMENT INE N2} 126
AVLIAGE. PERCENT STEEL 0.0
D ACTOR MU =176 651832
D EFEACTOR MU= 003 VIO T
ALL AW HHEAT LN TN O D Wi LO& %

AL LOW SHEAR ST SLHEEORT 7,0 130
LN TNE (BCE D CONCRFTL YE Ty LED 2 DG

PSS TYTVE Vet ioal, tOMENT 2A606H 836
NEGAT LV VT RT LA, MOME NT 23606 86
Y BT LOED HIORTZONTAL, MOMENT D2BAH0E 836
NLCAT IV HORLIZONTAL MOMENT 23606 86

SUIETHIT (ON N TDES
YU 0 1L ENE x FROM 5 D6

LOCATLON YTED D LINE LENGYH

LOCATION YTLLD LUINE HELGHT

UL TEMATE LOAD CARANCITTY )

SHEAR LOAD AT VERTICAL SUrronr

SHEAR L OAD AT HORTZONTAL SURPORT

GUEATY AT DLSTANCE FFROM Y rIeol. SURPQRT
SHLIAR AT D1ISTANCE FROM HOMTZONTAL  SUPRRO

E3

77.18
37221
54803
77.18

564.00 IN

COVER
COVER
COVER
COVER

149
1.2
&7
T
66
030
Te .
17,

S0

5

RrT

(o]
PSI-MS
MSEC
PSI
PO MS

3.00
3.00
3 00
3.00

Q0 70
150 00
& 7456
&8 .78
68T 2D

HY 40

YA 4

12 .50

47 .00

12 .50

399.00

0O o o
00
00
00
00

L1711 69 1 ES/ IR
BI6T HI LRGN

LEZIN WEIDTH
WIDTH

WITDTH
WIDTH




RADANASSASAEALALOLASACAXA L AL e ” gandan "
ALLOWAELE MAX DEFLECTION 9. 24969
LOAD MASYS FACTOR 0.6030
MASS CONCRETE ONLY 1896 .79
FInsT YIELD BOINT AT PT2

ASTIC LIMIT RE PSI 2.03
ELASTIC DEFLECTION XE 0.1704
GECOND YILLD AT T 3
ELASTO PLASTIC LIMIT
ELASTO P ASTIC DEFLECTION 0.2
UL YIMATE FES1STANCE
PLASTIC DEFLICTTON 1.6
UL T EMATE  RESLSTANCE R
ELASTLEC DENLECTION LIMIT  XE 1.

GTIIENE %% 3
MAG S LED6 T0
L.CAD
DURATION R
HE S 1O TANCE by 746
STEFFNESS a4 693
GAYS PRESSU 0 DURATTON 0.
NATURAL. FERIOD Lié . 3149047
MAX EMUM DEFLECGCTION 0.784618
TIME. TO MAXIMUM DE CCTION 39 8854967
DUEAT LON/NATURAL  PERTOD 0. 186616
LOAD 7 S L4 TAN :
FLASTIC DEFLECTION LIMILIT
MAX FROAGMENT SPALL VLLOGCTTY FT/S%EC

T0rn CLOST HETY L&

COUNT 1 00

THITTEAL BNt X3 AIE 0. 1LAa0000F 08 0

VIOLATEYS & COMSTRAOENT
Q0L 00 ’

Gy on

0. Q062700 01 O 471210 020200000601 -0
0. 20000087 0f O0.200000t O
O 1960001 0

2000000

=l 0 2000008 01
0. 186000 03 0. 194640008 02

TEMPORAIRY (I CTTVE FUNCTTON TS NEGAT IV OF
000K -0 fUDGE L)

0. [¢] O 120005 00 0 12000 00 0120008 00
0 12000 00 0O 0 9] ¢}

X345 ARy

VEOLATED CONSTERALINT NO

0000 M-

O G 000

,,,-
. £ ‘{l CON A
g
/"",-’,..'

]
I

rr s

f

4

T, vyt 4 e
PR A A
('n y 'n{'» %

..‘.h
o
_-."._n
A A O ..‘. -
AL YC T YLRES L QAR WL T



0.140000E 02 0.400000E 00 0.400000E 00

G)s ARE

0.4946228E 01 0.471210E 02 0.100000E 00 0.100000E 00 0.100000E 00
0.100000E 00 0.200000E 01 0.186000E 03 0.196000E 02

0.194000E O2

R = 0.489563256--03
ITER = 0 F = 0.40000001E~01 DBJ = 0.20000000E~-01
ITER = 1 P =-0.72161520E-02 OBJ =-0.21999999E-01

G)rS ARE

0. A2T2B6E. 01 0. AT755H0E 02 0.142000E 00 0. 142000E 00 0.142000E 00
0.142000E 00 0.600000E 00 0.187400E 03 0.19464000E 02

0. 196000E O
FUNCTION CALLS = q

ALL. CONSTRATNTS HAVE BEEN SATISFIED AND REAL OBJECTIVE FUNCTION WILL BE MINIMIZ
ED NEXT

X)4%H ARE e

0.126000E 02 0.400000E 00 O.400000E 00

G ARk

0. 427286E 0L 0. 4775H5H0E 02 0.2200008-0L 0.220000E-01 0 22000001
0.220000£-01 0.4600000E 00 0.187400E 03 0.196000 02

0. L926000E 02

R o= QL BASBLBAVE 0D
ITER = 0 Fow 0. 1269T084E 05 OBJ = 0. 6B485269E 04
ITER = 12 Fosm 0. 7TAGBIE90E 04 OBU = 0 676307T4ALE 04

GG ARE

A2A58<E 01 0.22285 71 02 0.23885%805 00 0.23885H8E 00 0.238271E 00
3271E 00 0.304410E 00 0.1876265E 03 0.193920E 02

APRGE. 02

“TON CALLYS = La4

SLHIBIVE QL
s QL ATABTBOOE
o QL AL L HABAGE

049 Qg = 0. 67T6307A0F 04
[0 24] QiU = 0. 6093NH64A3E. 04

()% AR

0. 4L6BABE. 0L 0.
0. 75H5720E-082 0. 95122

01964 0
FUNCTTON CALL.G = 135
XMEXT L) e

0. 1200026 02 0.360249E 00 O 360267E 00

L 02 0. T79%730E-02 0. 7HH7I0E-02 O THHTL0E 02
2082 0187990 03 0. 196322 02

1= 0L SA4%3LHAVE 01

E5

TR - E (..-' Wt et LRI

AR R R St S s
e T T A



P et

0.60730960E 04
0.607304648BE 04

ITER = (o]
ITER = 3 P

o
i

il

G)S ARE

0.416580E 01 0.531341E 02 0.239%74E-03 0.239%74E-03 0.242187E--03

0.24R187E-03 0.303986E~03 0.188000E 03 0.196398E 02

0.196397E 02
FUNCTION CALLS = 107
XNEXT(L) =
0.120000E 02 0.360009E 00 0.360011E 00

R = 0.34531939E~07
ITER = 0

0BJ = 0.60723626E 04
0BJY = 0.60723797E 04

o= 0.607172736 04 OBJ = 0.60717098E 04

ITER == 3 P o= 0.60717257E 04 OBJ = 0.60717038LE 04

G ARE
0.416571E 01 0.531&50E 02 0. 7HH3IASBE
0. 749465E-0% 0.944972E~05 0.188000E 03 0.196400E
0.196400E 02
FUNCTION CALLS = 106
XNEXT(L) =
0.120000E 02 0.360000E 00 0.360000& 00
TOTAL FUNCTION CALLS = 516
ITER =, O f
0.120000E 02 0.360000E 00 0.34600008E 00

()4 Ak

0.41657LE 01 0.531660E 02 0.21612%
0.73037HE-07 0.34L992E-06 0.188000E 03 0. 196400
0. L26900E 02

DYNAMIC CONCRE GTRENGTH 4800 .00
DYNAMIC STEE ‘ 5 G 66000 .00
THELCKNESS INC B ENCHEYS 12.0000
THICKNESS OF  SAND INCHES 0.

THETA ALLOWAELE DEGREIEYS 2.0000

3T TO
EIRTOROT ST
A HORYLZ TOR ST ...
AREA HORLZ B30T STEE

0.3600
0.3600
0. 3600
0 3400

CONCRETE MODUL.US PST 3570519 .
RATIO MOD STEEL /CONCRETE g.12
P MOMENT  INERTIO 144.00
CRAGCKED MOM INERTIA 14 82
¢ 7Y . A

0.0093
291637088
311571179,

D FACTOR MU= 0.3

D06 0. 216128E

L GHT 150.00 IN LENGTH $64.00

O.60T1LT726E 04 0OBJ = 0_6071L682E

IN

05 0. 75532DE~-08H 0. 749465HE~GH
Q2

06 0. 730378607
02

30000

0000

3.0000
3.0000

04

a0

.

s

.._
. P
" ‘e %

-




ALL.OW
ALL.OW SHEAR AT SUP
UNREINFORCED CONCR

POSITIVE
NEGATIVE
POSITIVE
NEGATIVE

VERTICAL
VERTICAL.

HORIZONTA

3 SIDE
F RO

SURPORT ON
YIELD LEINE X

LOCATION YIELD ILENE

LOCATION YIELD LIN
UL TIMATE
AR L.OAD AT VERT
LOAD AT HORI
AT DISTANCE
= AT DISTANC
ALLOWAELE MAX DEFL.

STOR
ONL.Y

L.OAD MAGYS
MALS S CONCRETE

FLRST YTELD POINT
ELASTIC LIMEIT  RE
ELASTIC CTTON

S COND Y ILELL »T
ASTO MLASTIC LIM
ELASTOPLASTIC DEF
UL TIMATE RESLTSTANC
FL.&aSTIC DE CCTION

UL TIMATIEE O GTANC
ELAGTLEC DEFLECTION
STIFENESGS K

3

MA GG 1420
L.QAD é
AT ON
TANCIE! qa.
HSTEFFNESS i

A% RS
NATURALL.

I UM

MAXTMUM DI LCTLON

TIME TG MAXEMUM
DURATTON/NATURAL.

ELASTIC DEFLECTION

MAX FRACMENT SPALL

HORIZONTAL

L.OAD CAPACITY

SHEAR UNREINFORCED WEE

PORT
ETE

MOMIEENT
MOMENT
MOMENT
L. MOMENT

1)
M SIDE

ED HETGHT
R
Ical.
ZONTAL

ECTION

AT T
S E
XE:
a2
Ir
LECTION
[

R
LAMITT

Q00

[arade}
XA

SEREQD

L.IMIT

VELOQCLYY FT/7%F( ]

THETA LE

XE

107 .16
760 .32
a2 DEG

PSI
PSI

17389.57
17339.57
173939 .56
173389 .56

HSUBPORT
HSUPPORT
FROM VERTICAL
FROM HORIZONTAL

SUREORT
SUPEOIRT

0.6030
1685 .82

1. 49
0.1996

1.93
0.2ra7
q.822

@.1461

DURAT TON [¢]
17 &96007
1 0811891
7Ha A91 406
O LHDPHYY
1 HH1571
I 439016

DL EHE

E7

6842 . 88

202.70
150.00
4.2203
S13 .26
460 .72

59.00

a8.07
3.2469

964. 45 LBS/IN WIDTH
LEBS/IN WIDTH

LE/IN WIDTH
LE/IN WIDTH

G0

5T

by

e 7

LA




